To obtain genetic information on carotenoid content in Citrus fruit for a breeding program, we investigated quantitative trait loci (QTL) in a mapping population derived from a cross between 'Okitsu-46' and 'Nou-5'. Among individual progeny, total and each carotenoid contents were segregated in a transgressive manner. QTLs for total and each carotenoid contents were detected by Kruskal-Wallis analysis (P < 0.01) and interval mapping (LOD (logarithm (base 10) of odds) > 2.0) from 51 individuals. Most of the QTLs for each carotenoid component were mapped to different locations on the linkage map. In β-cryptoxanthin, the strongest QTL (LOD 3.4) was detected on linkage group 6 of 'Nou-5', and accounted for 26.9% of explainable variance. LOD scores of QTLs for total carotenoid content were lower than those for each carotenoid content. There were one QTL for total carotenoid content at the criteria of LOD > 2.0, and seven weaker QTLs, which overlapped with QTLs for each carotenoid component. The effects of QTLs detected for each carotenoid content worked cumulatively to increase total carotenoid content. This study provides preliminary data because we obtained data in only one season and from a limited number of individuals (n = 51). However, the results suggested that QTL information could be used to generate DNA markers to select progeny with higher carotenoid content.
Introduction
Most photosynthetic organisms produce carotenoids, which are essential for both plants and animals (Wong et al., 2004) . Carotenoids have various functions in plants, including phyto-hormone precursor action (Schwartz et al., 2003) and environmental adaptation through modulation of the photosynthetic apparatus (Demmig-Adams and Adams, 2002) . Some carotenoid components, such as α-carotene and β-carotene, are important for human health and nutrition as they are essential for vitamin A biosynthesis (Mares-Perlman et al., 2002) , and there is strong evidence that diets rich in carotenoids (e.g., β-carotene and lycopene) can prevent the onset of some chronic diseases (MaresPerlman et al., 2002; Sugiura et al., 2008) and certain cancers (Giovannucci, 2002; Narisawa et al., 1999; Nishino et al., 2000) .
Carotenoid content and composition in Citrus fruit vary greatly among cultivars (Gross, 1987; Ikoma et al, 2001; Kato et al., 2004; Matsumoto et al., 2007; Sugiyama et al., 2010) . Previous reports (Kato et al., 2004; Matsumoto et al., 2007) showed that the carotenoid profile of Satsuma mandarin (Citrus unshiu Marc.) was different from that of sweet orange (Citrus sinensis Osbeck). Satsuma man-darin predominantly accumulates β-cryptoxanthin in the flavedo and juice sacs of mature fruit. In contrast, sweet orange fruit accumulates predominantly violaxanthins, 9-cis-violaxanthin and alltrans-violaxanthin (Kato et al., 2004; Lee and Castle, 2001; Matsumoto et al., 2007; Molnár and Szabolcs, 1980) . Such variations in the presence and amounts of carotenoids could be useful in Citrus breeding to produce new cultivars with higher carotenoid contents. An increase in carotenoids, especially β-cryptoxanthin content, is an important breeding objective for Citrus in Japan. However, to date there have been no detailed genetic analyses of carotenoid content using segregating hybrid populations. Quantitative trait loci (QTL) analysis using a segregating population is an effective method for obtaining genetic information on agronomically important traits. This method allows identification of genetic regions associated with certain quantitative traits on linkage groups, and then genetically-linked selection markers can be obtained for breeding. QTL analyses of carotenoid content have been reported for tomato (Blauth et al., 1998) and carrot (Santos and Simon, 2002) . In maize kernels, two QTLs were detected and their locations on the genetic map were associated to the loci of phytoene synthase and zeta-carotene desaturase genes (Wong et al., 2004) . In cauliflower, Lu et al. (2006) showed that the Or gene, which regulates the synthesis of a chaperone protein, the DnaJ cysteine-rich-domain protein, regulated β-carotene accumulation. These analyses suggested that the DNA markers linked to QTLs could serve as functionally associated gene markers to improve the accuracy of selection markers.
In this study, we performed QTL analysis of carotenoid components in Citrus fruit to identify loci related to each carotenoid component, to determine their contribution to total carotenoid content, and to refine selection markers for carotenoid accumulation. The results reported here are preliminary, as these analyses were carried out in one season and included data from 51 individuals that fruited in that season. However, this information will be useful for developing a strategy to generate functional markers and haplotype-specific markers that can be used in MAS (marker-assisted selection) in the Citrus breeding program.
Materials and Methods

Plant materials
All plants used in the experiments were cultivated at the research field of the National Institute of Fruit Tree Science, Citrus Research Center, Okitsu, Shimizu, Shizuoka, Japan. For genetic analysis, a hybrid population designated as AG was generated by crossing between 'Okitsu-46' (A255) and 'Nou-5' (G434) and top-grafted onto Satsuma mandarin interstocks to promote flowering and fruiting. The female parent of the AG population, 'Okitsu-46', was derived from hybridization between 'Ueda unshiu' (C. unshiu Marc.) × 'Hassaku' (C. hassaku Hort. ex Tanaka) and the male parent 'Nou-5' was derived from hybridization between 'Lee' ('Clementine' mandarin (C. clementina Hort. ex Tanaka) × 'Orlando' tangelo ('Duncan' grapefruit (C. paradisi Macf.) × 'Dancy' tangerine (C. tangerina Hort. ex Tanaka))) × 'Mukaku kishu' (C. kinokuni Hort. ex Tanaka). The two parent clones also used to evaluate the parental levels.
The AG population was composed of 93 individuals, 51 of which fruited in 2003. Fruit were harvested on December 7, 2003. The AG population was used to generate a linkage map using DNA markers derived from EST as described previously (Omura et al., 2003) .
Carotenoid quantification
Carotenoid components were quantified in fruit of 51 progeny and both parental lines. Extracts were prepared from juice sacs for quantification of each carotenoid component. Phytoene (Phy), ζ-carotene isomers (ZCar1, Z-Car2, and Z-Car3), β-carotene (B-Car), β-cryptoxanthin (B-Cry), zeaxanthin (Zea), 9-cisviolaxanthin (cis-Vio), all-trans-violaxanthin (transVio), and lutein (Lut) were quantified by HPLC (Jasco, Tokyo, Japan) fitted with a C30 carotenoid column (250 × 4.6 mm i.d., 5 μm, YMC, Kyoto, Japan) according to the method described by Kato et al. (2004) . The sum of violaxanthin isomers and the sum of ζ-carotene isomers are hereafter referred to as Vios and Z-Cars, respectively. The sum of all carotenoid components is given as total carotenoid content.
QTL analyses
For QTL analyses, EST-based CAPS markers were used to construct a linkage map as described previously (Omura et al., 2003) . Detailed information about these markers will be reported elsewhere. In QTL analysis, maps of 'Okitsu-46' (A255) and 'Nou-5' (G434) were constructed independently using the BC1 mode of JoinMap ver. 3.0. (Kyazma ® , Wageningen, Netherlands). The 'Okitsu-46' map was constructed using 345 markers and covered 660 cM (66.1% of the 998 cM integration map of the AG population). The 'Nou-5' map consisted of 254 markers and covered 642 cM (64.3%).
The quantitative scores for each carotenoid component were subjected to QTL analysis using Kruskal-Wallis (KW) methods (MapQTL ver. 5.0, Kyazma ® ). QTLs were detected at the criteria of P < 0.01 in the first step. Next, interval mapping was applied to the QTL regions detected the first step to avoid overestimation of LOD (logarithm (base 10) of odds) scores in the marker dispersed region. Then, the LOD score and the explainable variance were calculated.
Results
Variation of carotenoid contents among progeny
The total carotenoid content of 'Okitsu-46', the parent cultivar of the segregating AG population, was similar to or slightly lower than that of 'Nou-5', the other parent cultivar (1.4 mg/100 g in 'Okitsu-46' and 1.5 mg/100 g in 'Nou-5') ( Table 1) . 'Okitsu-46' and 'Nou-5' had similar B-Cry contents (0.8 and 0.7 mg/100 g, respectively), similar Vios contents (0.4 and 0.3 mg/100 g, respectively), and similar Zea contents (0.03 and 0.04 mg/100 g, respectively). The levels of Phy, Z-Cars, and B-Car were lower in 'Okitsu-46' than in 'Nou-5'.
The content of major carotenoid components varied markedly among the 51 fruiting individuals in the AG population and segregated in a transgressive manner. Many of the progeny showed higher β, β-xanthophyll (B-Cry and Vios) contents than the parents (Table 1) .
In both individuals in the AG population and their parent cultivars, cis-Vio and Z-Car2 were the major components of Vios and Z-Cars, respectively.
QTLs for total carotenoid content
To detect QTLs for total carotenoid content, the carotenoid contents of 51 individuals in the AG population were subjected to QTL analysis using the Kruskal-Wallis (KW) method in the first step. QTLs with significant scores as determined by KW analysis are listed in Table 2 . Also, as shown in Figure 1 , many QTLs were detected in various locations of linkage groups and in some cases, QTLs appeared in a relatively broad region without a peak.
Among linkage groups which detected QTLs, many carotenoids QTLs overlapped on A-07, G-06, and G-07. In particular, highly significant QTLs overlapped on 5.3 to 12.9 cM in G-06 with similar scores and were not divided into separate peaks. Therefore, in this report, the relatively broad region on 5.3 to 12.9 cM in G-06 was regarded as a single region.
Among all the marker loci in the linkage groups, 13 QTLs for total carotenoids were detected. Only two out of 13 regions, peaking on Bf0136 and Gn0005 marker loci, were detected as highly significant QTLs by KW analysis (P < 0.01). The remaining 11 additional QTL candidates, which were on the marker loci of Cp1736, Cp0781, Gn0048, Fb0138, and so on, were detected at the P = 0.05 level ( Table 2) .
The QTL with the highest score (K* = 9.2, P < 0.005) was located on linkage group (LG) 6 on the 'Nou-5' (G-06) map at Gn0005. This QTL made a negative contribution to the total carotenoid content. The LOD score determined by interval mapping (IM) was 2.5, and accounted for 20.2% of explainable variance ( Table 2) . The second QTL (K* = 7.2, P < 0.01, LOD 1.7) was located on LG7 on the 'Okitsu-46' (A-07) map at Bf0136. This QTL also made a negative contribution to total carotenoid content, and accounted for 14.4% of explainable variance. Six weak QTLs were located on linkage groups of 'Okitsu-46' (A-01, A-02 including 2 QTLs, and A-08, P = 0.05, 1.0 < LOD; A-05 and A-09, P = 0.05, LOD < 1.0). Five weak QTLs (G-04, G-07, and G-05.1, P = 0.05, 1.0 < LOD; G-02 and G-09.2, P = 0.05, LOD < 1.0) were also identified on the 'Nou-5' map (Table 2) .
QTLs for each carotenoid component
QTLs detected for each carotenoid component are shown in Table 2 . We detected 21 QTLs for 10 carotenoid components (P < 0.01; KW analysis). At least one QTL was detected for each carotenoid component. Among the 21 QTLs, excluding QTLs for Vios and Z-Cars, 7 QTLs were common to more than two carotenoid components. The other 14 QTLs were specific to the respective carotenoid component. The QTLs for Vios and Z-Cars overlapped those of their major components, cis-Vio and Z-Car2, respectively.
The QTL with the greatest effect on Phy was located from 33.0 to 47.8 cM on G-09.2 at Fb0138. The LOD score determined by IM was 2.7 (K* = 10.9, P < 0.001), accounting for 22.3% of explainable variance. The second QTL for Phy was located on A-05 at Cp0781.
There were three significant QTLs for Z-Car2 (TF0405, Gn0048, and Fb0138), two weak QTLs for ZCar1 (Bf0136 and Bf0411), and three significant QTLs for Z-Car3 (TF0219, Ov0520, and Fb0138). A QTL for Z-Car2 and Z-Car3 was located in the same region as G-09.2 at Fb0138, but it differed from the QTLs locations for Z-Car1.
We detected one QTL (Al0525) for Lut on the 'Okitsu-46' map and three QTLs (TF0310, Ov0509, and TF0070) for Lut on the 'Nou-5' map. These QTLs were specific to Lut, and clearly separate from QTLs for other carotenoid components based on their locations.
We detected QTLs for B-Car on G-04 (Lp0206) and G-09.2 (Fb0138). One of the QTLs located on G-09.2 at Fb0138 overlapped with those for Phy, Z-Car2, and Z-Car3.
QTLs for B-Cry, the major carotenoid in this population, were detected on linkage groups G-06, G-07, and A-07. The QTL with the largest effect on B-Cry was broadly located from 4.1 to 7.0 cM on G-06 including the Gn0005 locus, and the LOD score in the region was 3.4 (K* = 12.6, P < 0.0005), accounting for 26.9% of explainable variance. The mean B-Cry content was 1.3 mg/100 g for homozygous progenies genotyped with the Gn0005 marker at 7.0 cM of LG6, whereas that for heterozygous genotypes was 0.9 mg/100 g. There was Table 1 . Carotenoid contents (mg/100 g fresh weight)
z in parental cultivars 'Okitsu-46 (A-255)' and 'Nou-5 (G-434)' and their progenies (December 7, 2003) .
z Average analysis data of 3 fruits for each parent/individual. y Sum of ζ-carotene1, ζ-carotene2, and ζ-carotene3.
x Sum of cis-violaxanthin and trans-violaxanthin. w α-Carotene, lutein, and lycopene were below the limits of detection and did not add to the sum. Table 2 . QTLs for each carotenoid and total carotenoid content detected in a Citrus AG population. These listed QTLs showed high K* scores in each carotenoid and total caroteonid content. In the linkage group column, 'A-' and 'G-' were shown to be derived from 'Okitsu-46 (A255)' and 'Nou-5 (G434)', respectively, and the number shows the linkage group.
z Marker locus located on the peak of QTL or the central part of broadly distributed QTL. y Arithmetic mean of carotenoid content (mg/100 g fresh weight) of progenies with homozygous (AA) and heterozygous (AB) CAPS genotype, respectively, and differences between the genotypes. x K* shows the Kruskall-Wallis test results. w **, ***, ****, *****, and ****** indicate significant differences between genotypes by KW analysis at P-0.05, 0.01, 0.005, 0.001, and 0.0005 levels, respectively. v For interval-mapping analyses, % Expl. gives the percentage of variance explained by QTL. a significant difference in the means (t-test, P < 0.01) between marker genotypes of progenies (Fig. 2) . The second QTL for B-Cry was located on G-07 at the Gn0048 locus and had a LOD score of 1.9 (K* = 6.7, P < 0.01). The QTL on G-07 (Gn0048) overlapped with the QTL for total carotenoid content and Zea. However this QTL region did not overlap with the QTL locations for Phy, Z-Cars, and B-Car. QTLs for Zea were located on G-06 (Cp0190) and G-07 (Gn0048). The strongest QTL for Zea was located from 11.7 to 13.6 cM on G-06 (Cp0190), close to or in the same region as the QTL for B-Cry. Gn0005 and Fig. 1 . QTLs on linkage maps for 'Okitsu-46 (A01-A09)' and 'Nou-5 (G01-G09.2)'. Loci for β-cryptoxanthin (B-Cry), total carotenoid content and other carotenoid content, which are listed in Table 2 , are shown as circles (○), squares (■), and triangles (△), respectively. Fig. 2 . Distribution of B-Cry contents among progeny genotyped using Gn0005 marker on G-06. Number of homozygous and heterozygous CAPS genotype progeny are shown by black and white bars, respectively. Mean B-Cry content of homozygous and heterozygous individuals was 1.3 mg/100 g and 0.9 mg/100 g, respectively, and showed a significant difference by t-test (P < 0.01). White and black arrows show BCry content of parental cultivars, respectively. Each genotype of parental cultivars showed that 'Okitsu-46' was homozygous, and 'Nou-5' was heterozygous.
Cp0190 markers were located in this region. The LOD of each marker locus was 1.8 (K* = 7.3, P = 0.01) and 2.0 (K* = 8.4, P < 0.01), respectively. Thus, both marker regions showed comparable significance. In this population, cis-Vio is the second most abundant carotenoid. We detected three significant QTLs (P < 0.01) for cis-Vio by KW analysis. The strongest QTL for cisVio was located on A-02 (Cp1736) with a LOD score of 2.9 (K* = 11.4, P < 0.001), accounting for 23.1% of explainable variance. The second QTL had a LOD score of 2.7 (K* = 14.0, P < 0.0005) on G-06 (Cp0384), and the third QTL had a LOD score of 1.7 (K* = 9.0, P < 0.005) and was located on A-06 (Gn0053).
We detected 21 QTLs for each carotenoid component. However, there were only 11 QTLs with LOD scores greater than 2.0 as determined by IM analysis. None of the QTLs detected for Z-Car1 and B-Car showed LOD scores greater than 2.0. In most cases, the QTLs for each carotenoid component overlapped those for total carotenoid content (Table 2) . For example, a QTL for trans-Vio and cis-Vio (LOD > 2.0) was located at the Cp1736 marker at 44.2 cM of A-02, the same location as a QTL for total carotenoid content (LOD 1.3).
The QTL regions for total carotenoid content frequently overlapped the QTLs for each carotenoid component. A significant QTL for total content (LOD 2.5), located in the Gn0005-Cp0190 region on G-06, was located in the same region as the QTL region detected for B-Cry (LOD 3.4), Zea (LOD 1.8), and Vios (LOD 2.5). Among weak 11 QTLs (P = 0.05) for total carotenoid contents, half also overlapped with QTLs for each carotenoid (Table 2) .
Cumulative effect of QTLs on carotenoid content
The discrimination by the genotypes in one locus was not so clear for total carotenoid content because the genetic variance was scattered into many possible QTLs with a relatively low score of the explainable variance. As expected, when individuals were genotyped using two QTL markers, we detected highly significant segregation for total carotenoid content. For example, the results of discrimination by genotyping with QTL markers that have a negative contribution to carotenoid content were as follows: When the progenies were grouped into homozygous or heterozygous groups in BC1 type segregation using a single QTL marker, LG06 (Cp0190) or LG07 (Bf 0136), the means of total carotenoid content were significantly discriminated between genotypes at the P < 0.01 level by a simple ttest for each locus (Fig. 3) . However, when they were classified into double homozygous or double heterozygous groups using two QTL markers, i.e., both LG06 (Cp0190) and LG07 (Bf 0136), the means of total carotenoid content were 2.7 mg/100 g and 1.9 mg/100 g, respectively. The discrimination was highly significant between groups (P < 0.0001) since both QTLs made a negative contribution to carotenoid content. The cumulative effect of expanding the difference in carotenoid contents between genotypes was confirmed by any combination of two DNA markers on different QTLs. For example, typical cumulative effects were observed with the following QTL combinations: LG06 (Cp0190) and LG08 (Gn0029) (t-test, P < 0.001); LG06 (Cp0190) and LG09 (Tf0103); LG06 (Cp0190) and LG04 (Wy0029); and LG07 (Gn0048) and LG07 (Bf 0136) (P < 0.01). Fig. 3 . Distribution of total carotenoid content among progeny genotyped using Cp0190 (LG-06) and Bf0136 (LG-05) QTL linked markers (black bar, progeny with double homozygous genotypes at both loci; white bar, progeny heterozygous for both loci). Mean total carotenoid content of homozygous and heterozygous individuals was 2.7 mg/100 g and 1.9 mg/100 g, respectively, and showed a significant difference by t-test (P < 0.0001). In Cp0190 and Bf0136 markers, genotypes of 'Okitsu-46' were homozygous and heterozygous, respectively, and similarly, genotypes of 'Nou-5' were heterozygous and homozygous, respectively.
Discussion
In Citrus, QTL analyses have been applied to identify loci associated with cold responses (Cai et al., 1994) and fruit quality traits (Fang et al., 1997) . However, the genetic factors associated with carotenoid contents in Citrus fruit have not been identified. Previous physiological and molecular analyses of carotenoid constituents in fruit of various cultivars/species suggested that carotenoid content, especially B-Cry content, is regulated by many genetic factors (Kato et al., 2004) . Physiological regulation of carotenoid biosynthesis and their accumulation has been studied in other plants, such as tomato (Giuliano et al., 1993; Pecker et al., 1996; Ronen et al., 1999) , carrot (Clotault et al., 2008; Surles et al., 2004) , pepper (Ha et al., 2007; Hugueney et al., 1996) , Japanese apricot (Kita et al., 2007) , and so on. These investigations suggested that many genetic factors are involved in increasing carotenoid content. Many potential genetic factors increase carotenoid content. However, no attempts have been made to identify the factors, except for carotenoid metabolism genes. In this study, therefore, we analyzed a segregating population to identify QTLs associated with carotenoid contents and to locate major genetic factors on linkage map.
The present study detected QTLs for carotenoid components, especially B-Cry, in Citrus fruit for the first time. Because fruit numbers on individuals of the population were not sufficient to investigate the changes during maturation, the data for QTL analysis were limited to the results obtained at a mature stage of fruit development. However, the analysis provided some informative data that can be used for breeding cultivars with increased carotenoid accumulation.
In the AG population, the progeny showed transgressive segregation with respect to total and each carotenoid content. It is likely that the wide variation in carotenoid contents among the progeny could be used to generate recombinants with markedly increased carotenoid contents. Analysis of gene expression related to carotenoid metabolism in a mandarin + lemon allotetraploid somatic hybrid (Bassene et al., 2010) also suggested that new combinations of genotypes of different loci could generate progeny with altered carotenoid contents. In that study, lemon juice sacs contained only low levels of B-Car and B-Cry, whereas B-Cry was the major component of carotenoids in mandarin juice sacs, which also contained high levels of other carotenoid components such as Phy, B-car, Vios, and so on. However, the allotetraploid hybrid produced all the same carotenoids as mandarin, but at very low levels.
Each QTL of total carotenoid content showed a low contribution, indicating that the cumulative effect of different QTLs on carotenoid content would be informative to generate a set of selection markers for the future breeding program.
The results of the present study indicated that there were many QTLs for total carotenoid content in Citrus. The detected QTLs made a smaller contribution to total carotenoid content than to the contents of each carotenoid. Therefore, a survey of QTLs for each 10 carotenoid component revealed candidate QTLs that make a positive or negative contribution to total carotenoid content. As described, the experimental evidence indicated that 7 of 13 QTLs for total carotenoid content overlapped those for each carotenoid component (with higher contribution). This showed that the detection of QTLs for each carotenoid content was the effective and clear procedure to screen the DNA markers associated with the QTLs for the total carotenoid contents.
We compared the locations of QTLs for each carotenoid component. In several linkage groups, the regions of QTLs for Z-Car2 were similar to those for Z-Car3. Furthermore, one of the QTLs for Z-Cars overlapped the QTLs for Phy and B-Car on G-09.2. From these results, we thought that a common QTL region among Phy, Z-Cars, and B-Car would be responsible for the upstream steps of carotenoid metabolism, because Phy is synthesized and mainly converted to B-Car via Z-Cars and lycopene in the upstream steps of carotenoid biosynthesis in Citrus fruit at maturity. Thus, in the present study, these carotenoid components would accumulate simultaneously and share their QTL regions. This is consistent with the results of Santos and Simon (2002) . In that study, QTL analysis of 25 carotenoid components in carrot showed that QTLs for Z-Car and Phy were linked very closely. They also inferred that there were possible common regulation systems or closely related catabolic steps upstream of the carotenoid pathway.
We detected QTLs for Lut on the 'Okitsu-46' map and the 'Nou-5' map. However, QTLs for Lut were very specific, and did not overlap QTLs for other carotenoids. The unique localizations of Lut QTLs suggest that the regulation of Lut content differs from that of other carotenoids.
In the present study, we applied 345 markers for the 'Okitsu-46' map and 254 markers for the 'Nou-5' map for QTL analysis. These markers were designed from EST sequences so that the annotations of marker genes could be used for association analysis to identify candidate genes for carotenoid accumulation. One of the major QTLs for total carotenoid content in Citrus was mapped on LG06. The peak of this QTL was located at the Gn0005 marker derived from the CitPAP cDNA sequence (DDBJ Acc. No. AB011797). In bell pepper (Capsicum annuum L.), the PAP encodes for pepper plastid-lipid-associated protein, and the PAP gene is thought to encode a carotenoid association protein, which is involved in carotenoid accumulation (Pozueta-Romero et al., 1997). However, Moriguchi et al. (1998) did not identify a direct relationship between carotenoid accumulation and the CitPAP expression level in Citrus fruit during development. Whether the gene has another direct role in carotenoid accumulation should be clarified in the future. Except for Gn0005, no EST markers were annotated as carotenoid accumulation-related genes associated with QTLs in Citrus analysis. QTLs for each carotenoid and for total content were not detected in the region where the carotenoid-biosynthetic genes were mapped (data not shown). Recently, Cuevas et al. (2009) showed that the QTL for B-Car content of melon was not closely associated with the mapped location of carotenoid biosynthesis genes. However, their result showed that the map locations of some QTLs were associated with markers derived from transcription factor genes. Also in Citrus, genes may be involved in transcriptional regulation in some QTL regions. The function of the genes near the marker loci in carotenoid accumulation will be investigated by detailed physiological and molecular analyses in the future.
